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ABSTRACT
We present ∼ 1 − 4′′ resolution Very Large Array (VLA) observations of four CH3OH J2 − J1-E 25 GHz
transitions (J=3, 5, 8, 10) along with 1.3 cm continuum toward 20 regions of active massive star formation
containing Extended Green Objects (EGOs), 14 of which we have previously studied with the VLA in the
Class I 44 GHz and Class II 6.7 GHz maser lines (Cyganowski et al. 2009). Sixteen regions are detected in
at least one 25 GHz line (J=5), with 13 of 16 exhibiting maser emission. In total, we report 34 new sites of
CH3OH maser emission and ten new sites of thermal CH3OH emission, significantly increasing the number
of 25 GHz Class I CH3OH masers observed at high angular resolution. We identify probable or likely maser
counterparts at 44 GHz for all 15 of the 25 GHz masers for which we have complementary data, providing
further evidence that these masers trace similar physical conditions despite uncorrelated flux densities. The
sites of thermal and maser emission of CH3OH are both predominantly associated with the 4.5 µm emission
from the EGO, and the presence of thermal CH3OH emission is accompanied by 1.3 cm continuum emission
in 9 out of 10 cases. Of the 19 regions that exhibit 1.3 cm continuum emission, it is associated with the EGO in
16 cases (out of a total of 20 sites), 13 of which are new detections at 1.3 cm. Twelve of the 1.3 cm continuum
sources are associated with 6.7 GHz maser emission and likely trace deeply-embedded massive protostars.
Subject headings: masers – stars: formation — stars: massive — ISM: jets and outflows — techniques: inter-
ferometric
1. INTRODUCTION
Massive young stellar objects (MYSOs) remain embedded
in their parent clouds during the early stages of their evo-
lution, making them difficult to observe directly. MYSOs
also evolve more quickly than lower-mass young stellar ob-
jects (YSOs), making MYSOs rare and especially difficult to
observe during their early stages of evolution. Furthermore,
MYSOs frequently form in clustered environments, leading
to a confusion problem, and tend to be at large distances
(>1 kpc), leading to resolution limitations. One particularly
crucial stage of MYSO evolution is the phase in which the ob-
ject is actively accreting matter and driving outflows. While
the process of mass accretion for low-mass stars is fairly well
understood (Yorke et al. 1993), it is thought that MYSOs con-
tinue to accrete even after hydrogen burning has commenced
in the core (Stahler et al. 2000), and it is this continued mass
transfer onto the protostar that leads to the formation of mas-
sive stars (Zinnecker & Yorke 2007). However, this process
of mass transfer, being as it is both heavily obscured and com-
paratively short-lived, is not observationally well-constrained.
Recent observations have aimed to investigate the observa-
tional markers of MYSOs in this critical phase of their evolu-
tion. Cyganowski et al. (2008) identified >300 sources with
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extended 4.5 µm emission in the GLIMPSE-I survey images
(Benjamin et al. 2003; Churchwell et al. 2009); these ex-
tended 4.5 µm soures are strongly correlated with infrared
dark clouds (IRDCs) and 6.7 GHz Class II CH3OH masers.
The 4.5 µm sources were classified as Extended Green Ob-
jects (EGOs) by Cyganowski et al. (2008), for the common
coding of the 4.5 µm band as green in three-color compos-
ite Spitzer InfraRed Array Camera (IRAC) images. EGOs lie
in a region of mid-infrared (MIR) color-color space consis-
tent with protostars that are still in infalling envelopes; the ex-
tended “green” emission is thought to arise from shocked H2
emission in the 4.5 µm band. Furthermore, because IRDCs
mark the earliest stages of high-mass star formation (Rath-
borne et al. 2007, 2006), and 6.7 GHz Class II CH3OH masers
are radiatively pumped and associated exclusively with mas-
sive YSOs (Cragg et al. 1992; Szymczak et al. 2005; Ellingsen
2006), Cyganowski et al. (2008) concluded that EGOs must
trace massive protostars that are actively accreting and driv-
ing outflows. From the identified >300 EGO sources, a sam-
ple of ∼20 objects was selected for follow-up observations
in the Class I 44 GHz and Class II 6.7 GHz CH3OH maser
lines and in the outflow tracers HCO+ and SiO (Cyganowski
et al. 2009). Class I 44 GHz CH3OH masers were detected
towards 90% of the sample. Both the HCO+ line profiles and
SiO detections indicated the presence of active outflows in
much of the sample, supporting the idea that Class I masers,
which are primarily collisionally pumped, trace the impact
of outflows on dense gas in star-forming regions (e.g. Plam-
beck & Menten 1990; Johnston et al. 1992; Kurtz et al. 2004;
Voronkov et al. 2006).
Originally discovered in Orion-KL (Barrett et al. 1971,
1975), the Class I CH3OH J2 − J1-E transitions at 25 GHz
form a ladder with energy levels from ∼20-140 K for J=2-10
(for a rotational level diagram, see Leurini et al. 2016). Higher
resolution observations soon confirmed the suspicion that the
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2TABLE 1
EGO SOURCE PROPERTIES
Source V aLSR Distance
b EGOc IRDCd H2Oe CH3OH Masers (GHz)f
(km s−1) (kpc) Cat Maser 6.7g 44h 95i
G08.67−0.35 35 4.1 C13 N Y Y Y Y
G10.29−0.13 14 1.9 2 Y Y Y Y Y
G10.34−0.14 12 1.6 2 Y Y Y Y Y
G11.92−0.61 36 3.38+0.33−0.27 (3.5) 1 Y Y Y Y Y
G12.68−0.18 55 2.40+0.17−0.15 (4.4) 4 Y Y Y ? Y
G12.91−0.03 57 4.5 1 Y Y Y ? Y
G14.33−0.64 23 1.13+0.14−0.11 (2.3) 1 Y Y ? Y Y
G14.63−0.58 19 1.83+0.08−0.07 (1.9) 1 Y Y Y ? Y
G16.59−0.05 60 3.58+0.32−0.27 (4.2) 2 N Y Y ? Y
G18.67+0.03 80 4.8 1 N Y Y Y Y
G18.89−0.47 66 4.2 1 Y Y Y Y Y
G19.36−0.03 27 2.2 2 Y N Y Y Y
G22.04+0.22 51 3.4 1 Y Y Y Y Y
G24.94+0.07 42 2.8 1 N Y Y Y Y
G25.27−0.43 60 3.6 1 Y Y Y Y Y
G28.28−0.36 49 3.0 2 Y N Y N N
G28.83−0.25 87 4.8 1 Y Y Y Y ?
G35.03+0.35 53 2.32+0.24−0.20 (3.2) 1 Y Y Y Y Y
G45.47+0.05 61 8.40+1.4−1.1 (7.1) 1 Y Y N N N
G49.27−0.34 68 5.4 1 Y Y N Y Y
a LSRK velocities are the single dish NH3 (1,1) values from Cyganowski et al. (2013), except
G08.67−0.35 which is the CH3CN value from (Purcell et al. 2006).
b Distances without errors are estimated from the LSRK velocity and the Galactic rotation curve pa-
rameters from Reid et al. (2014). Parallax distances (with their uncertainties) are given where available
from Reid et al. (2014, and references therein), with the kinematic distance in parentheses for compari-
son. All kinematic distances are the near distance, except for G45.47+0.05 and G49.27−0.34 (which are
in the direction of tangent points); for the former source we use the parallax distance for G45.45+0.05
which is an H II region 1′ west of the EGO.
c Except for G08.67−0.35, this is the Table number of the EGO in Cyganowski et al. (2008). In that
paper, Tables 1 & 2 list “likely” EGOs for which 5-band (3.6 to 24 µm) or only 4.5 µm Spitzer pho-
tometry can be measured, respectively. Table 4 lists “possible” EGO outflow candidates for which only
4.5 µm photometry is possible. G08.67−0.35 is from Chen et al. (2013).
d Coincidence of EGO with IRDC as indicated by Cyganowski et al. (2008), except G08.67-0.35 (Chen
et al. 2013).
e Water maser data from the Cyganowski et al. (2013) Nobeyama 45-m survey of EGOs, except G08.67-
0.35, which comes from Hofner & Churchwell (1996) (VLA) and Breen & Ellingsen (2011) (ATCA).
f Sources for which we could find no information in the literature are indicted by “?".
g The 6.7 GHz maser detection information comes from Cyganowski et al. (2009) using the VLA,
except for G08.67−0.35, G12.68−0.18, G12.91−0.03, G14.63−0.58, G16.59−0.05, and G45.47+0.05
which come from Green et al. (2010, and references therein) and used the ATCA.
h Information for 44 GHz masers come from the VLA and were taken from Cyganowski et al. (2009),
except for G08.67-0.35 (Gómez et al. 2010) and G45.47+0.05 (Kang et al. 2015).
i Most information for 95 GHz masers was taken from Chen et al. (2011) using the Mopra 22 m
telescope. The exceptions are G08.67−0.35 and G14.33−0.64 from Val’tts et al. (2000) using Mo-
pra, G35.03+0.35 from Kang et al. (2015) using the Korean VLBA Network, and G16.59−0.05 and
G49.27−0.34 from Chen et al. (2012) using the Purple Mountain Observatory 13.7 m telescope.
emission in these lines arises from maser action (Hills et al.
1975). The first interferometric studies (J=6 and 7) noted a
correspondence in the maser positions with 2 µm H2 emis-
sion, thus associating them with shocked gas (Matsakis et al.
1980). Further studies of these transitions in other objects find
that their intensity usually peaks around J=6, and that they are
not always inverted but do consistently trace regions of high
density and temperature (Menten et al. 1986, 1988). Statisti-
cal equilibrium calculations using the large velocity gradient
approach confirm that in gas at ∼200 K the J=6 maser can
occur at densities of 5× 10(5−8) cm−3 (Leurini et al. 2016).
The 25 GHz transitions are thought to probe a similar, but
narrower, range of physical conditions compared to the other
two families of Class I CH3OH masers (44/95 and 36/84 GHz,
Sobolev et al. 2007). Thus, interferometric observations of
the 25 GHz lines combined with interferometric observations
of other Class I transitions (e.g. Voronkov et al. 2007, 2012)
are important to further refine the physical conditions that the
25 GHz lines typically trace.
In this paper, we present a 1.3 cm Karl G. Jansky Very
Large Array (VLA) survey of 20 GLIMPSE Extended Green
Objects (EGOs) in continuum and several CH3OH transi-
tions. The majority of our targets are selected from the
GLIMPSE-I EGO catalog of Cyganowski et al. (2008); only
one, G08.67−0.35, is in the GLIMPSE-II survey area (this
source is G08.67−0.36 in the GLIMPSE-II EGO catalog of
Chen et al. 2013). Table 1 summarizes salient information
about our target EGOs. We describe the observations in Sec-
tion § 2, present our results in Section § 3, discuss the results
in Section § 4, and summarize our conclusions in Section § 5.
2. 1.3 CM (25 GHZ) VLA OBSERVATIONS
We used the VLA (Perley et al. 2011) to observe 20 EGOs
at 1.3 cm (25 GHz). Table 2 summarizes the project AB1346
phasecenters, observing dates, configuration(s), and phase
calibrator for each target EGO. The observations were taken
under the Resident Shared Risk Observing (RSRO) program
3TABLE 2
OBSERVING PARAMETERS
Source Pointing Center (J2000) Config. Date Phase Cal. Synth. Beama Line rmsb Cont. rms
RA Dec ′′×′′ [P.A.(◦)] (mJy beam−1) (mJy beam−1)
G08.67−0.35 18 06 18.3 −21 37 31 CnB 2011 Jan 22 & Feb 05 J1820-2528 0.81×0.59 [65.4] 1.26 0.12
G10.29−0.13 18 08 49.3 −20 05 57 D 2010 Sep 13 J1820-2528 4.52×2.38 [14.0] 5.82 0.31
G10.34−0.14 18 09 00.0 −20 03 35 D 2010 Sep 09 J1820-2528 5.15×2.51 [21.4] 6.50 0.29
G11.92−0.61 18 13 58.1 −18 54 17 D & CnB 2010 Aug 25 & 2011 Jan 30 J1820-2528 1.30×0.87 [-7.3] 2.88 0.08
G12.68−0.18 18 13 54.7 −18 01 47 CnB 2011 Jan 29 J1832-2039 0.87×0.54 [71.0] 1.54 0.06
G12.91−0.03 18 13 48.2 −17 45 39 C 2010 Dec 11 J1832-2039 1.47×0.86 [-176.0] 2.80 0.05
G14.33−0.64 18 18 54.4 −16 47 46 D 2010 Sep 10 J1832-2039 4.63×2.45 [20.0] 5.20 0.10
G14.63−0.58 18 19 15.4 −16 30 07 D 2010 Sep 12 J1832-2039 4.42×2.50 [11.4] 3.73 0.06
G16.59−0.05 18 21 09.1 −14 31 48 C 2011 Jan 17 J1832-1035 1.37×0.89 [-0.9] 3.54 0.07
G18.67+0.03 18 24 53.7 −12 39 20 C 2011 Jan 07 J1832-1035 1.31×0.81 [-2.4] 2.03 0.04
G18.89−0.47 18 27 07.9 −12 41 36 C 2010 Dec 31 J1832-1035 1.36×0.82 [-4.0] 2.89 0.06
G19.36−0.03 18 26 25.8 −12 03 57 D 2010 Aug 22 J1832-1035 4.62×2.67 [22.6] 6.43 0.11
G22.04+0.22 18 30 34.7 −09 34 47 D 2010 Aug 30 J1832-1035 4.02×2.64 [19.0] 6.60 0.11
G24.94+0.07 18 36 31.5 −07 04 16 D 2010 Sep 03 J1832-1035 4.05×2.78 [26.7] 3.90 0.09
G25.27−0.43 18 38 56.9 −07 00 48 C 2011 Jan 06 J1832-1035 1.27×1.05 [19.5] 3.73 0.05
G28.28−0.36 18 44 13.2 −04 18 04 D 2010 Sep 05 J1832-1035 3.18×2.33 [-4.8] 5.31 0.17
G28.83−0.25 18 44 51.3 −03 45 48 C 2011 Jan 08 J1851+0035 1.16×0.83 [-8.8] 2.29 0.05
G35.03+0.35 18 54 00.5 +02 01 18 D 2010 Sep 07 J1851+0035 3.75×2.81 [-51.9] 4.51 0.10
G45.47+0.05 19 14 25.6 +11 09 28 C 2010 Dec 12 & 24 J1922+1530 0.99×0.82 [-19.7] 1.62 0.09
G49.27−0.34 19 23 06.7 +14 20 13 C 2010 Dec 19 J1922+1530 0.95×0.83 [-34.4] 2.90 0.07
a Synthesized beam of the CH3OH-E 5(2,3)-5(1,4) transition.
b Median rms noise per channel in the CH3OH-E 5(2,3)-5(1,4) image cubes. The rms noise in a channel with bright maser emission will be significantly higher due to dynamic range
limitations.
(Chandler & Butler 2014) using 16×8 MHz spectral windows
(each with 256 channels and single polarization) to observe
four transitions of CH3OH, as well as the NH3 (1,1) through
(6,6) metastable transitions and the H63α and H64α radio re-
combination lines (RRLs). The four remaining spectral win-
dows were placed to cover additional possible, but unlikely
to be detected, species of interest. The primary purpose of
these “extra” spectral windows is for continuum, and indeed,
none of these transitions were detected. In this paper we focus
on the 1.3 cm continuum and CH3OH data; the details of the
observed CH3OH transitions are given in Table 3. Hereafter,
the CH3OH transitions will be denoted by the first two values
of their upper state quantum number, for example J′(Ka,Kc) -
J′′(Ka,Kc) = 3(2,1) - 3(1,2) will be 32, etc.
The data were calibrated and imaged using the CASA soft-
ware package. For all sources, the bandpass calibrator was
J1924−2914. For all but two sources, 3C286 (J1331+3030),
combined with a model for its flux distribution, was used
for absolute flux calibration. The two exceptions (where
the 3C286 observations failed to provide viable data) were
G16.59−0.05 and G35.03+0.35. For these two sources, the
derived flux density for the nearest other observation of the
same phase calibrator (in time) was used to set the absolute
flux scale. Opacities as a function of frequency were derived
from the VLA seasonal model8. We expect the absolute flux
calibration to be good to ∼ 10%. Where necessary, antenna
position corrections were also applied.
After the standard calibration was applied, “line” datasets
were created by removing the continuum in the uv-plane us-
ing line-free channels in each spectral window. A few of
the EGOs have bright, compact continuum sources in the
VLA field of view (FOV) that are not at the phase center:
G08.67−0.35, G11.92−0.61, and G28.28−0.36. In these cases,
it was necessary to first shift the phase center to the bright-
est continuum source in the field of view, and then shift back
8 See EVLA Memo 143, VLA Test Memo 232, and VLA Scientific Memo
176. All three memos are archived at http://library.nrao.edu/vla.shtml.
TABLE 3
OBSERVED CH3OH TRANSITIONSa
Species Resolved QNs Frequencyb Eupper Si j µ2
(GHz) (K) (D2)
CH3OH-E 3(2,1)-3(1,2) 24.928707(7) 36.17 2.8073
CH3OH-E 5(2,3)-5(1,4) 24.9590789(4) 57.07 5.0264
CH3OH-E 8(2,6)-8(1,7) 25.2944165(2) 105.84 8.3910
CH3OH-E 10(2,8)-10(1,9) 25.8782661(4) 149.97 10.7398
a Transition properties taken from Müller et al. (2004).
b Numbers in parentheses denote the measurement uncertainties in
units of the least significant figure.
after continuum subtraction to avoid aliasing effects. After
continuum subtraction, the 31.25 kHz channel width (∼ 0.38
km s−1) line data were Hanning smoothed and imaged with
a velocity channel width of 0.4 km s−1. The D-configuration
sources were imaged with a robust parameter of 0.75, while
the CnB and C configuration data (see Table 2) were imaged
with robust=1.0.
The continuum for each EGO comprises 30 MHz of band-
width from the four “extra” transition spectral windows,
plus an additional 15 MHz from the line-free regions of
the spectral windows covering the four CH3OH transitions.
Fields without RRL detections in the FOV have an additional
7.5 MHz of continuum bandwidth. The continuum images
were made with multi-frequency synthesis and robust=1.0 for
targets with only weak continuum emission in the FOV, and
more uniform weighting and/or a restricted short-spacing uv-
range when diffuse/confusing sources are present. The me-
dian geometric means of the synthesized beam in the D, C,
and CnB configurations are 3.′′32, 1.′′03, and 0.′′69, respec-
tively (the source with D & CnB configuration data is included
in the CnB median). The imaged fields of view for both the
line and continuum images are similar to the 2′ full width to
half power (FWHP) of the 25m VLA dishes at 1.3 cm; pri-
mary beam correction was applied to all images.
43. RESULTS
Figures 1 and 2 show three-color mid-infrared Spitzer
GLIMPSE (Benjamin et al. 2003; Churchwell et al. 2009)
images of our EGO targets. In both figures, contours of the
new VLA 1.3 cm continuum data are overlaid in red. We
also overlay 24 µm contours from the MIPS/Spitzer Survey of
the Galactic Plane (MIPSGAL) (Carey et al. 2009) in yellow.
Fig. 1 shows the 16 targets for which we detected 25 GHz
CH3OH emission. Fig. 2 shows the two targets for which
we detected 1.3 cm continuum emission in the vicinity of the
EGO but no 25 GHz CH3OH emission. Note that the two
sources (G18.89−0.47 and G25.27−0.43) for which neither
1.3 cm continuum nor 25 GHz CH3OH emission was detected
in the vicinity of the EGO are not shown.
3.1. 1.3 cm Continuum Emission
We detect 1.3 cm continuum emission within the 2′ field
of view for 19 of the 20 observed fields (only G18.89−0.47
lacks any detectable emission). However, detectable 1.3 cm
emission in the vicinities of the EGOs themselves (i.e. within
or touching the boundary of the extended 4.5 µm emission) is
only detected toward 16 of the 20 fields for a detection rate
of 80% (Figs. 1 and 2). A few of these have more than one
distinct region of emission, bringing the total number of indi-
vidual EGO-associated 1.3 cm detections to 20. The positions
and properties of the EGO-associated 1.3 cm continuum de-
tections are detailed in Table 4.
Despite the modest aggregate continuum bandwidth ob-
tainable from the relatively narrow spectral windows (see
§ 2), in many cases these data represent the most sensi-
tive cm wavelength (cm-λ) observations of these sources to
date. For example, twelve EGOs in our sample were also
included in the 1.3 and 3.6 cm VLA EGO continuum sur-
vey of Cyganowski et al. (2011b, resolution ∼1′′). With the
exception of G10.29−0.13 (which is severely dynamic-range-
limited by emission from a bright H II region in the field), our
new 1.3 cm images are a factor of 2-4 more sensitive than
those of Cyganowski et al. (2011b).
Of our 20 EGO-associated continuum detections, 13 are
new detections at 1.3 cm and have a median peak intensity
of 0.50 mJy beam−1. Of these, 7 are new detections at any
cm-λ. Columns 6-9 of Table 4 list previous detections of each
source at 1.3 cm and other cm-λ. References for previously-
detected sources, as well as alternate names where applicable,
are listed in columns 7 and 9 and associated table notes. It is
notable that if it had been previously observed at 1.3 cm, it is
very likely that G08.67−0.35_CM1 would have been detected
at past sensitivity levels. The other 12 new 1.3 cm detections,
with a median peak intensity of 0.42 mJy beam−1, are suffi-
ciently weak that these are the first (published) data with the
sensitivity to detect them. Sub-mJy emission at 1.3 cm (at
kiloparsec distances) can be due to either free-free emission
from protostellar winds/jets or hypercompact H II regions, or
alternatively the Rayleigh-Jeans tail of dust emission (see for
example Brogan et al. 2016). In §3.3, we discuss the morphol-
ogy of the 1.3 cm continuum emission and its relationship to
the target EGO for individual sources, and compare with other
cm-λ data where possible. Unfortunately, the absence (for the
most part) of data at a second cm-λ with resolution and sensi-
tivity comparable to our 1.3 cm images precludes systematic
analysis of the underlying emission mechanism(s).
3.2. 25 GHz CH3OH Emission
Of the four observed CH3OH transitions, the 52 transition
(see Table 3) is by far the most prevalent. Indeed, we detected
this transition toward 16 of the 20 EGOs in the sample. In or-
der to quantify the properties of the CH3OH emission, which
is mostly very compact, we used the imfit task in CASA
to fit 2-dimensional Gaussians to each distinct emission com-
ponent channel-by-channel. We limited the fitting to regions
with emission > 4σ, where σ was measured locally to accu-
rately assess the variable rms noise due to dynamic range lim-
itations. The resulting fitted parameters for the position, ve-
locity of peak emission, velocity range of emission, size, and
flux density are given in Table 5. The position, peak veloc-
ity, fitted flux density, and fitted size for each distinct spatial
component are taken from the channel with the highest flux
density for the 52 transition; only the fitted flux density in the
peak channel is given for the other three transitions. The dis-
tinct emission regions are named by their galactic EGO name
followed by a letter of the alphabet in order of increasing RA.
3.2.1. Distinguishing maser and thermal emission
After fitting, we examined the properties of each distinct
emission component and classified it as either maser or ther-
mal emission. Ideally, we would use the line brightness tem-
perature TB to discriminate between maser and thermal emis-
sion (i.e. TB exceeding a realistic thermal molecular gas tem-
perature must be maser emission). For example, there are
seven CH3OH components with 52 TB in excess of 1000 K,
with a maximum of 105 K for G08.67-0.35_h (see Table 5)
that are clearly due to non-thermal emission. However, due
to the relatively poor angular resolution of some of the data,
especially those observed only in the D-configuration (see Ta-
ble 2), the current TB lower limits are not always constraining.
This is particularly problematic because EGOs are thought to
harbor massive star formation, and relatively warm thermal
gas (few 100 K) is a natural consequence. Indeed, some of
the observed EGOs are known to harbor hot core line emis-
sion with gas temperatures as high as a few 100 K (see e.g.
Cyganowski et al. 2011a; Brogan et al. 2011; Cyganowski et
al. 2012, 2014; Ilee et al. 2016). In a few cases the 25 GHz
CH3OH emission observed with the VLA is clearly thermal
in origin, as evidenced by spectral breadth (several km s−1)
and/or large fitted emission size (i.e. significantly larger than
the beam).
To distinguish the emission mechanism for modest TB
cases, we used two separate methods of analysis. The first
uses the integer channel width (number of consecutive chan-
nels with emission ≥4σ at the location of interest) and fit-
ted angular size as discriminators. Spectrally broad (≥4σ in
≥5 channels, 2.0 km s−1) emission with a large spatial ex-
tent (i.e. significantly spatially resolved fits) we classify as
thermal emission. Emission that is spectrally narrow (≥4σ
in ≤4 channels, 1.6 km s−1) and spatially consistent with an
unresolved point source we consider a candidate for maser
emission. Within the category “maser,” there are two subcat-
egories. Emission spots classified as “maser” are candidate
maser emission, and their highest flux density is in the 52 tran-
sition. Emission spots classified as "maser∗" are likely to arise
from non-thermal emission, but their highest flux density is in
a transition other than 52 (usually 82). Figure 3 shows exam-
ples of maser and thermal spectra from our data.
The second method consisted of comparing our observed
line ratios to line ratios produced by purely thermal, optically
thin LTE emission. We numerically simulated line ratios for
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FIG. 1.— Spitzer GLIMPSE 3-color images (RGB: 8.0, 4.5, and 3.6 µm) for sources with detected 25 GHz CH3OH emission. For each EGO, the displayed
FOV is centered on the coordinates given in Table 2. Spitzer MIPSGAL 24 µm contours are overlaid in yellow (contour levels, in MJy sr−1: G08.67: (300, 800,
1600); G10.29: (1200, 1800); G10.34: (900, 1300, 1700); G11.92: (600, 1200, 1800); G12.68: (900, 1300); G12.91: (300, 600, 1200); G14.33 (1000, 1500,
2000); G14.63: (300, 600); G16.59: (300, 600, 1200); G18.67: (300, 900); G19.36: (300, 600, 1400); G22.04: (300, 900); G24.94: (300, 600, 900); G28.28:
(800, 1600); G35.03: (900, 1300, 1700); G45.47: (800, 1600)). VLA 1.3 cm continuum contours are overlaid in dark red (levels: 4, 12, 28, 60×σ, where σ for
each field is given in Table 2). Sites of 25 GHz CH3OH maser emission are marked by magenta× symbols, while sites of thermal 25 GHz CH3OH emission are
marked by magenta ◦ symbols. Class I 44 GHz CH3OH masers from the literature (where available) are marked with blue + symbols (see Table 1).
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FIG. 2.— Same as Fig. 1, but for sources with 1.3 cm continuum detections but no detected 25 GHz CH3OH emission. MIPSGAL 24 µm contour levels are:
G28.83: 900, 1300, 1700 MJy sr−1; G49.27: 800, 1600 MJy sr−1.
9TABLE 4
1.3 CM CONTINUUM FLUX DENSITIES FOR EMISSION ASSOCIATED WITH EGO TARGETS
Source J2000 Coordinates Peak intensity Integrateda Prior 1.3 cm Ref.b Prior cm-λ Ref.
Name α(h m s) δ(◦ ′ ′′) (mJy beam−1) (mJy) Detections? Detections?
G08.67−0.35_CM1 18:06:19.01 -21:37:32.2 183.0 (0.1) 1141 (1) N – Y W89
G10.29−0.14_CM1 18:08:50.47 -20:06:01.5 10.7 (0.3) 201 (2) Y C11bc Y C11bc
G11.92−0.64_CM1 18:13:58.108 (0.003) -18:54:20.212 (0.09) 0.62 (0.08) unr Y C11b Y M16
_CM2 18:13:58.121 (0.009) -18:54:16.46 (0.13) 0.32 (0.07) unr N – Y C17
G12.68−0.18_CM1 18:13:54.750 (0.002) -18:01:46.52 (0.01) 0.73 (0.06) unr Y M16 Y M16
G12.91−0.03_CM1 18:13:48.41 (0.01) -17:45:36.92 (0.2) 0.23 (0.05) unr N – N –
G14.33−0.64_CM1 18:18:54.30 -16:47:50.0 1.78 (0.1) 4.1 (0.3) N – N –
G14.63−0.58_CM1 18:19:15.19 -16:30:04.0 0.99 (0.06) 1.2 (0.1) N – N –
_CM2 18:19:15.469 (0.03) -16:29:52.4 (0.4) 0.29 (0.07) unr N – N –
G16.59−0.05_CM1 18:21:09.116 (0.004) -14:31:48.58 (0.08) 0.56 (0.07) unr Y R16, H11d , Z06 Y M16, R16, Z06
G18.67+0.03_CM1 18:24:53.755 (0.007) -12:39:20.9 (0.2) 0.18 (0.04) unr N – N –
G19.36−0.03_CM1 18:26:25.60 (0.02) -12:03:49.6 (0.4) 0.7 (0.1) 1.3 (0.3) N – Y C11be
_CM2 18:26:25.77 (0.01) -12:03:53.7 (0.5) 0.5 (0.1) unr N – N –
G22.04+0.22_CM1 18:30:34.70 (0.03) -09:34:46.2 (0.5) 0.6 (0.1) unr N – N –
G24.94+0.07_CM1 18:36:31.563 (0.008) -07:04:16.8 (0.2) 0.85 (0.09) unr N – Y C11b
G28.83−0.25_CM1 18:44:50.74 (0.01) -03:45:49.19 (0.08) 0.24 (0.04) unr N – Y C11b
_CM2 18:44:51.086 (0.005) -03:45:48.22 (0.08) 0.35 (0.05) unr N – Y C11b
G35.03−0.03_CM1 18:54:00.50 +02:01:18.5 13.9 (0.1) 18.5 (0.3) Y B11, C11b f Y C11b
G45.47+0.05_CM1 19:14:25.68 +11:09:25.8 110.09 (0.09) 180.9 (0.4) Y H99 Y W89
G49.27−0.34_CM1 19:23:06.87 +14:20:18.2 1.62 (0.07) 57.8 (0.6) Y C11b Y C11b
a Flux densities with reported values were measured within the 3σ contour; see Table 2 for σ values. In this case, the position is that of the peak pixel within the 3σ
contour. Flux densities designated by ‘unr’ indicate that the emission is unresolved. For these cases, the Gaussian fitted position and peak intensity along with the
statistical uncertainties are reported.
b Reference abbreviations correspond to: B11: Brogan et al. (2011). C11b: Cyganowski et al. (2011b). C17: Cyganowski et al. (2017). H99: Hofner et al. (1999). H11:
Hofner et al. (2011). M16: Moscadelli et al. (2016). R16: Rosero et al. (2016). W89: Wood & Churchwell (1989). Z06: Zapata et al. (2006).
c Cyganowski et al. (2011b) list this as a field source, designation F-CM1.
d Hofner et al. (2011) list this source as IRAS 18182-1433, Component B.
e Cyganowski et al. (2011b) list this is a field source, designation F-CM1.
f G35.03−0.03_CM1 from the current work is a blend of CM1, CM2, CM4, and CM5 from Cyganowski et al. (2011b).
the optically-thin LTE case, and plotted these ratios (32:52,
82:52, and 102:52) for T=0 K to T=300 K. We then compared
the observed line ratios for each fitted emission site to the sim-
ulated ratios. For lines with non-detections, we used an upper
limit of 5σ in the ratio, where σ is the line rms from Table 2.
Emission sites with line ratios inconsistent with LTE are can-
didates for maser emission. Ratios that match the simulated
LTE emission indicate candidate thermal emission.
Our findings with the second method largely matched our
classifications from the first method. We found only two ex-
ceptions to our original classifications: G12.91-0.03_b was
classified as a maser, but its line ratios are consistent with opti-
cally thin LTE emission at lower temperatures (≤ 40 K). How-
ever, the TB for the 52 emission is 82 K, far warmer than the
temperature required to produce optically thin thermal emis-
sion. We therefore consider G12.91-0.03_b to be a maser.
G22.04+0.22_b was classified as thermal emission based on
its large fitted size, but its line ratios are potentially more con-
sistent with maser emission. However, G22.04+0.22_b is in
close proximity to G22.04+0.22_a (∼ 1.′′7, and 2 channels),
the strongest maser detected in our sample (7650 mJy in 52).
The very strong emission from G22.04+0.22_a causes “ring-
ing” in the surrounding channels, including those in which
G22.04+0.22_b lies, so it is possible that the fitted flux densi-
ties of the 52 and 82 lines are skewed by this effect. It is also
worth noting that G22.04+0.22_b would be the only 25 GHz
maser in the sample without a 44 GHz counterpart, and that
the 25 GHz CH3OH emission is coincident with weak 1.3 cm
emission (Table 4), increasing the chance of warm thermal gas
at this location. Thus, we consider G22.04+0.22_b as most
likely “thermal.”
3.2.2. Detection Rates
Table 6 presents the number of 25 GHz CH3OH detections
in each transition by source, as well as the total number of
maser and thermal emission spots for each EGO, and whether
1.3 cm continuum emission is detected associated with the
EGO (within or touching the boundary of the extended 4.5
µm emission, § 3.1). Emission from different transitions is
co-spatial so, e.g., co-spatial emission in the 32, 52, and 82
lines would be counted as a single maser spot in column 7.
We detected 25 GHz CH3OH emission above the 4σ level in
16 of our 20 targets, for an overall detection rate of 80%. For
the 25 GHz Class I CH3OH masers, we found that the emis-
sion was strongest in the 52 transition (see Table 7), but that
the 82 transition was not significantly weaker than the 52 tran-
sition in general (median flux densities of 58.5 mJy and 52.0
mJy and median S/N ratios of 18.6 and 13.2 for 52 and 82,
respectively). In total, we fit 44 sites of CH3OH emission. Of
these 44 sites, we classified ten as being purely thermal emis-
sion. Of the remaining 34 sites, we classified 30 as “maser”
and 4 as “maser∗” (as defined in § 3.2.1). Detection rates and
flux density statistics by transition and emission type are sum-
marized in Table 7.
Of the sites identified as thermal emission, one has emission
only in the 52 line, one has emission only in the 32 and 52
lines, one has emission only in the 52 and 82 lines, and one has
emission in the 32, 52, and 82 lines (Table 5). The remaining
six sites have thermal emission in all four lines. For the source
with thermal emission in 52 and 82 only (G18.67+0.03_a), we
did identify weak thermal emission in the 32 line, but it is not
above the 4σ level and so is not included in Table 5.
The 34 emission sites classified as “maser” or “maser∗”
have the following properties: 10 have emission above the 4σ
level (where σ is the line rms from Table 2) in all four transi-
tions (32, 52, 82, 102), including three of the four spots classi-
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FIG. 3.— Example spectra for the two categories of emission (maser and thermal), as well as a spectrum showing both thermal absorption and emission. All
three sets of spectra span 40 km s−1.
TABLE 6
25 GHZ CH3OH EMISSION STATISTICS BY TARGET
Source 25 GHz Total 25 GHz Detections Maser Thermal 1.3 cm EGO
Name Emission 32 52 82 102 Emission Emission Continuum
G08.67-0.35 Y 4 9 6 2 8 1 Y
G10.29-0.13 Y 1 2 2 0 2 0 Y
G10.34-0.14 Y 3 3 2 0 2 1 N
G11.92-0.61 Y 4 5 2 1 4 1 Y
G12.68-0.18 Y 1 2 2 2 1 1 Y
G12.91-0.03 Y 1 2 1 0 2 0 Y
G14.33-0.64 Y 3 4 3 2 4 0 Y
G14.63-0.58 Y 1 1 0 0 0 1 Y
G16.59-0.05 Y 2 2 2 2 1 1 Y
G18.67+0.03 Y 0 1 1 0 0 1 Y
G18.89-0.47 N 0 0 0 0 0 0 N
G19.36-0.03 Y 3 4 2 2 4 0 Y
G22.04+0.22 Y 3 3 3 2 2 1 Y
G24.94+0.07 Y 0 1 0 0 0 1 Y
G25.27-0.43 N 0 0 0 0 0 0 N
G28.28-0.36 Y 1 1 1 1 1 0 N
G28.83-0.25 N 0 0 0 0 0 0 Y
G35.03+0.35 Y 1 2 2 2 2 0 Y
G45.47+0.05 Y 2 2 2 2 1 1 Y
G49.27-0.34 N 0 0 0 0 0 0 Y
TABLE 7
25 GHZ CH3OH EMISSION STATISTICS BY TRANSITION
Transition Detection Median Flux Mean Flux Median Mean
Rate Density (mJy) Density (mJy) Speak/N Speak/N
Maser Detection Statistics
3(2,1)-3(1,2) 60% (12/20) 30.0 261.7 7.8 47.4
5(2,3)-5(1,4) 80% (13/20) 58.5 613.2 18.6 120.7
8(2,6)-8(1,7) 80% (13/20) 52.0 327.1 13.2 58.3
10(2,8)-10(1,9) 45% (9/20) 33.5 98.3 9.7 19.0
Thermal Detection Statistics
3(2,1)-3(1,2) 40% (8/20) 28.5 48.4 8.9 21.9
5(2,3)-5(1,4) 50% (10/20) 34.5 55.4 10.6 21.5
8(2,6)-8(1,7) 40% (8/20) 38.0 48.8 12.4 17.6
10(2,8)-10(1,9) 30% (6/20) 41.0 39.5 14.4 17.4
NOTE. — Columns 5 and 6 list the mean and median signal-to-noise (Speak/N) for
detections in each transition, where Speak/N is calculated for each maser using the line
rms from Table 2.
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fied as “maser∗”; eight have emission above the 4σ level in the
32, 52, and 82 lines only; two have emission above the 4σ level
in the 52, 82, and 102 lines only; four have emission above the
4σ level in the 32 and 52 lines only; three have emission above
the 4σ level in the 52 and 82 lines only; and seven have emis-
sion only in the 52 line. For this last group, the median and
mean flux densities are 27.0 mJy and 35.9 mJy, respectively.
These values are lower than the median and mean flux densi-
ties for the 52 population as a whole (see Table 7), but these
masers are not the weakest masers in the overall population.
3.3. Notes on Individual Sources
The following subsections discuss each of the target EGOs
for which we detect either 25 GHz CH3OH or EGO-
associated 1.3 cm continuum emission in greater detail, in-
cluding notes on relevant high-resolution observations re-
ported in the literature.
G08.67−0.35— We detect thermal 25 GHz CH3OH in
both emission and absorption (G08.67-0.35_d; see Fig. 3)
and resolved 1.3 cm continuum emission coincident with
the known UCH II region G8.67-0.36 (Wood & Churchwell
1989). The northern edge of the UCH II region is coincident
with the southern end of the extended 4.5 µm emission of the
G08.67−0.35 EGO (Fig. 1). It is currently unclear whether
the extended 4.5 µm emission arises from an outflow associ-
ated with the UCH II region or from an outflow driven by a
less-evolved source that is (as yet) undetected in 1.3 cm con-
tinuum. Four of the 25 GHz CH3OH masers are coincident
with the extended 4.5 µm emission, while three more lie in an
arc 5-8′′ west and north of it. The thermal 25 GHz CH3OH
emission is coincident with the UCH II region and with the
Class II 6.7 GHz CH3OH maser emission (G8.669−0.356) re-
ported by Caswell (2009).
G10.29−0.13— Like Cyganowski et al. (2011b), we detect
1.3 cm continuum emission associated with the MIR-bright
(MIPSGAL-saturated) source directly to the east of the EGO.
Both the MIR-bright source and the EGO lie on the edge
of the W31 H II region G10.32−00.15 (Westerhout 1958, see
also discussion in Cyganowski et al. 2011b). In our image, the
1.3 cm continuum emission partially overlaps the extended
4.5 µm emission of the EGO and so is included in Tables 4
and 6 as an EGO-associated 1.3 cm source (§ 3.1). We note,
however, that the morphology of the 1.3 cm continuum differs
markedly from that of the extended 4.5 µm emission, and it is
unclear if the two are really associated. Indeed, Cyganowski
et al. (2011b) deem their 1.3 and 3.6 cm detections to be unre-
lated (at the higher resolution and poorer sensitivity of those
data there is no overlap in the centimeter continuum and ex-
tended 4.5 µm emission). Higher angular resolution and sen-
sitivity continuum observations are needed to verify that there
is cm-λ emission directly associated with the EGO.
Unlike most EGOs, G10.29−0.13 lacks a discrete 24 µm
counterpart, though it is associated with a 6.7 GHz Class
II CH3OH maser (Cyganowski et al. 2009). We do not de-
tect any 25 GHz CH3OH emission coincident with this EGO
(Fig. 1). We do detect two 25 GHz CH3OH masers in the field,
located ∼ 25′′ NW and SE of the EGO, respectively, that ap-
pear to be distributed along the same line as the 44 GHz Class
I CH3OH masers reported in Cyganowski et al. (2009). Nei-
ther 25 GHz maser is associated with 1.3 cm continuum or
extended 4.5 µm emission.
G10.34−0.14— G10.34-0.14 is also located on the edge of
the W31 H II region G10.32−00.15 (also see §G10.29−0.13).
We do not detect 1.3 cm continuum emission associated with
the EGO. Within the VLA FOV, we detect extended 1.3 cm
continuum emission from the nearby MIR-bright H II region
and a weak, unresolved 1.3 cm source∼ 18′′ west of the EGO
(Fig. 1; not included in Table 4).
We detect 25 GHz thermal CH3OH emission coincident
with the EGO and with Class II 6.7 GHz CH3OH maser emis-
sion (Cyganowski et al. 2009). The thermal CH3OH emis-
sion is fairly extended, with a Tb of only 6 K (Table 5), and
is coincident with the southern edge of a N-S elongated re-
gion of 24 µm emission. This MIR morphology may indicate
the presence of two blended 24 µm sources. One 25 GHz
CH3OH maser is detected at the NW end of the extended 4.5
µm emission, coincident with a 44 GHz Class I CH3OH maser
reported by Cyganowski et al. (2009). The other 25 GHz
maser is SE of the EGO, coincident with a separate patch
of extended 4.5 µm emission and 44 GHz CH3OH masers
(Cyganowski et al. 2009).
G11.92−0.61— We detect three 1.3 cm continuum sources,
two coincident with the EGO (CM1 and CM2, Table 4)
and one at the SE edge of the extended 4.5 µm emission
(Fig. 1). The strongest 1.3 cm source, CM1 (previously re-
ported by Cyganowski et al. 2011b; Cyganowski et al.
2014; Moscadelli et al. 2016; Ilee et al. 2016), is coincident
with the millimeter dust source and massive disk candidate
MM1 (Cyganowski et al. 2011a; Ilee et al. 2016) and with
6.7 GHz CH3OH maser emission (Cyganowski et al. 2009).
Based on modelling the centimeter-submillimeter spectral en-
ergy distribution (SED) of MM1, Ilee et al. (2016) argue
that its cm-λ emission is attributable to free-free emission
from a gravitationally trapped hypercompact (HC) H II re-
gion, with a possible contribution from a compact ionized jet
(see also Moscadelli et al. 2016). We detect 25 GHz thermal
CH3OH emission coincident with CM1, consistent with the
classification of MM1 as a hot core based on inteferometric
(sub)millimeter line observations (Cyganowski et al. 2011a;
Cyganowski et al. 2014; Ilee et al. 2016).
Located ∼ 3′′ north of CM1, CM2 is also coincident with
6.7 GHz Class II CH3OH maser emission (Cyganowski et
al. 2009). This weak, unresolved 1.3 cm source (∼0.3 mJy
beam−1, Table 4) is the cm-λ counterpart of the millimeter
source MM3−C1 (Cyganowski et al. 2011a, 2017), and was
detected at 0.9 and 3 cm with the VLA by Cyganowski et al.
(2017). The third 1.3 cm source is ∼ 13′′ SE of CM1, toward
the edge of the extended 4.5 µm emission. This centimeter
detection is weak and unresolved, and is not associated with
compact 24 µm or (sub)millimeter emission. It is located
within 1′′ of a 44 GHz Class I CH3OH maser (Cyganowski
et al. 2009), but the relationship between the maser and the
centimeter emission is unclear.
We detect four 25 GHz CH3OH masers in this target, all
of which have 44 GHz CH3OH maser counterparts. These
masers are all located toward the edges of the extended 4.5
µm emission, and are distinctly separated (> 5′′) from the cen-
timeter emission and MIPSGAL 24 µm peak.
G12.68−0.18— We detect a compact 1.3 cm continuum
source coincident with the EGO, as well as extended (> 15′′)
1.3 cm emission coincident with similarly extended MIPS-
GAL 24 µm emission. The EGO-related centimeter source,
which we denote CM1, was studied by Moscadelli et al.
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(2016) with the VLA. Based on their high-resolution multi-
wavelength observations (resolution.0.′′3 at 4.8, 2.3, and 1.4
cm), Moscadelli et al. (2016) suggest that the cm-λ continuum
emission arises from an ionized jet.
CM1 is coincident with both thermal and masing 25 GHz
CH3OH emission (Fig. 1), and with a 6.7 GHz Class
II CH3OH maser (Caswell 2009, see also discussion in
Moscadelli et al. 2016). The 25 GHz thermal emission has
a brightness temperature of 90 K, suggestive of warm gas on
small size scales. This is consistent with the results from Sub-
millimeter Array (SMA) observations of the W33 complex by
Immer et al. (2014), who find that the millimeter continuum
counterpart to CM1 (W33B; see their Fig. 6) is a hot core rich
in nitrogen-bearing species, with gas temperatures of ∼220-
350 K.
G12.91−0.03— We detect one weak, unresolved 1.3 cm con-
tinuum source and two 25 GHz CH3OH masers in the VLA
FOV. The 1.3 cm source, which we denote CM1, is located
at the NE edge of the extended 4.5 µm emission (Fig. 1).
One of the 25 GHz masers is coincident with the extended
4.5 µm emission, 24 µm emission, and the 6.7 GHz Class II
CH3OH maser G12.904−-0.031 (Green et al. 2010). The sec-
ond 25 GHz maser is located just beyond the western edge
of the extended 4.5 µm emission, toward the edge of a more
evolved, 8 µm-bright region.
G14.33−0.64— This EGO is located ∼ 15′′ SE of the bright
far-infrared source IRAS 18159-1648 (Jaffe et al. 1982),
within a ridge of ammonia emission (VLA observations by Lu
et al. 2014). We detect marginally-resolved 1.3 cm continuum
emission coincident with the EGO (denoted CM1) and also
the IRAS source (Fig. 1). The morphology of CM1 is con-
sistent with two unresolved cm-λ continuum sources. Both
components have emission above 6σ, but satisfactory two-
component fits could not be achieved with the current data.
We detect four 25 GHz CH3OH masers and no thermal
CH3OH emission in this source. The 25 GHz CH3OH emis-
sion is, however, confused both spatially and spectrally. Con-
sequently, there may be additional weak CH3OH emission
present that could not be separated in the current data. Two of
the 25 GHz masers are located just within the 4σ contour of
the 1.3 cm continuum emission; two are located north of the
centimeter source.
G14.63−0.58— We detect two 1.3 cm continuum sources,
both coincident with extended 4.5 µm emission (Fig. 1). The
brighter centimeter source, CM1, is also coincident with com-
pact 24 µm emission and with the 6.7 GHz CH3OH maser
G14.631−0.577, reported by Green et al. (2010). Thermal 25
GHz CH3OH emission is detected towards CM2, the weaker
centimeter continuum source. The brightness temperature of
this thermal CH3OH emission is only Tb = 2.9 K, due to the
extended nature of the emission and consequent large fitted
size; our optically-thin calculation method gives a tempera-
ture range of T = 10 - 40 K. No 25 GHz CH3OH masers are
detected in the field.
G16.59−0.05— This EGO is adjacent to IRAS 18182−1433
(nominal separation ∼19′′; Cyganowski et al. 2008); unusu-
ally among our sample, its cm-λ continuum emission has been
well-studied, primarily by authors targeting the IRAS source
(e.g. Zapata et al. 2006; Sanna et al. 2010; Hofner et al. 2011;
Moscadelli et al. 2013, 2016; Rosero et al. 2016). We detect
a single compact 1.3 cm continuum source (CM1), which is
coincident with the EGO and with a local peak in the 24 µm
emission (Fig. 1). CM1 corresponds to the brightest of the
five components (18182-1433 C) detected at both 1.3 cm and
6 cm in deep VLA observations of this field by Rosero et al.
(2016), who measure a spectral index of +0.8±0.1 for this ob-
ject. The compact 1.3 cm source is coincident with 6.7 GHz
CH3OH maser emission (e.g. Green et al. 2010; Sanna et al.
2010; Moscadelli et al. 2013). At longer wavelengths, the
continuum emission is elongated E-W, with a sizescale of
∼4′′ at 6 cm (Moscadelli et al. 2013, 2016). The orientation
of this elongation, which is interpreted as an ionized jet (e.g.
Moscadelli et al. 2013, 2016), is notably similar to that of the
extended 4.5 µm emission of the EGO, which is elongated
E-W on larger scales (∼10-15′′).
We detect thermal 25 GHz CH3OH emission that is coinci-
dent with the EGO and CM1, and with the 6.7 GHz CH3OH
maser G16.585−0.051 reported by Green et al. (2010). The
detection of thermal CH3OH at 25 GHz is consistent with the
identification of this source as a hot core by Beuther et al.
(2006) using SMA observations and by Lu et al. (2014) using
VLA observations. We also detect one 25 GHz maser, located
< 1′′ S-SE of the thermal CH3OH emission.
G18.67+0.03— We detect two sources of 1.3 cm continuum
emission in the VLA FOV (Fig. 1). CM1 is weak, unre-
solved, and coincident with the EGO, a compact MIPSGAL
24 µm source, and 6.7 GHz Class II CH3OH maser emis-
sion (Cyganowski et al. 2009; Green et al. 2010, see also
Cyganowski et al. 2012). The measured peak intensity of
CM1 (0.18 mJy beam−1, Table 4) is consistent with this source
being undetected by Cyganowski et al. (2011b) (4σ upper
limit of 0.94 mJy beam−1 at 1.3 cm). We also detect strong,
resolved 1.3 cm continuum emission ∼ 13′′ W of the EGO,
from the source designated “UCHII” by Cyganowski et al.
(2012) (F G18.67+0.03-CM1 in Cyganowski et al. 2011b).
The only 25 GHz CH3OH detection in the field is thermal,
and is coincident with CM1 and 6.7 GHz CH3OH maser emis-
sion. Unusually, CH3OH emission is detected in the 52 and
82 lines, but not 32. The brightness temperature Tb = 15 K,
with the optically-thin LTE calculations suggesting a temper-
ature range of 40 - 50 K. The detection of thermal CH3OH
at 25 GHz is consistent with the presence of strong hot core
molecular line emission from the EGO in SMA observations
by Cyganowski et al. (2012), who find a CH3CN temperature
of 175 K. Notably, though both the EGO and the UC HII re-
gion to the west are associated with 44 GHz Class I CH3OH
masers (Cyganowski et al. 2009; Cyganowski et al. 2012), no
25 GHz CH3OH maser emission is detected within the VLA
field of view.
G18.89−0.47— No 1.3 cm continuum or 25 GHz CH3OH
line emission was detected toward this EGO.
G19.36−0.03— We detect three sources of 1.3 cm continuum
emission in the field, two of which (CM1 and CM2) are asso-
ciated with MIPSGAL 24 µm emission (Fig. 1). The 24 µm
emission is elongated (NW-SE); its morphology suggests at
least two components, separated by ∼ 6′′. The weak 1.3 cm
source CM1 (1.3 mJy, Table 4) is associated with the NW
24 µm component and coincides with the previously detected
3.6 cm source denoted F-CM1 by Cyganowski et al. (2011b).
CM2 is a new cm-λ detection and is coincident with the
EGO and with Class II 6.7 GHz CH3OH maser emission
(Cyganowski et al. 2009). CM2 is unresolved and weak (0.40
mJy, Table 4), consistent with the previous 4σ upper limit of
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1 mJy at 1.3 cm (Cyganowski et al. 2011b). The third 1.3 cm
continuum source lies partially off the southern edge of the
field shown in Figure 1, and was also detected by Cyganowski
et al. (2011b) at 3.6 cm (their F-CM2).
We detect four 25 GHz Class I CH3OH masers in this field,
all of which have 44 GHz counterparts. The masers lie ap-
proximately along a line connecting the northern edge of CM1
and an arc of 44 GHz CH3OH masers to the SW, including one
that is near CM2.
G22.04+0.22— We detect two 1.3 cm continuum sources in
the field. CM1 is a weak (0.6 mJy beam−1, Table 4), unre-
solved source that is coincident with the EGO, compact 24
µm emission, and 6.7 GHz CH3OH masers (Cyganowski et
al. 2009). A second centimeter continuum source is detected
∼ 15′′ NW of the EGO, and does not appear to be associ-
ated. Neither centimeter continuum source was detected by
Cyganowski et al. (2011b), consistent with their 4σ upper
limit of 1 mJy at 1.3 cm.
We detect thermal 25 GHz CH3OH emission coincident
with CM1 and the 6.7 GHz masers (Fig. 1). We also detect
two 25 GHz CH3OH masers, one of which is <2′′ SW of
CM1 and its thermal 25 GHz CH3OH emission. The second
25 GHz maser is coincident with a line of 44 GHz CH3OH
masers that extends to the south of the EGO (Cyganowski et
al. 2009).
G24.94+0.07— We detect weak 1.3 cm continuum emission
coincident with this EGO (0.85 mJy beam−1, Table 4). The
1.3 cm source, CM1, is coincident with compact MIPSGAL
24 µm emission and 6.7 GHz CH3OH masers (Cyganowski
et al. 2009). CM1 was detected by Cyganowski et al. (2011b)
at 3.6 cm (peak intensity 0.53±0.04 mJy beam−1); our 1.3 cm
detection is consistent with their 4σ upper limit of 1.0 mJy
at 1.3 cm. Unfortunately the mismatch in beam size between
the 3.6 and 1.3 cm detections precludes analysis of the cm-
wavelength SED. The only 25 GHz CH3OH emission de-
tected in this source is thermal emission associated with CM1
(Fig. 1).
G25.27−0.43— No 1.3 cm continuum emission is detected
towards this EGO. An evolved H II region located ∼ 30′′ SE
of the EGO is detected in 1.3 cm continuum; this source was
detected by Cyganowski et al. (2011b) at 3.6 cm, who desig-
nated it F-CM2. No 25 GHz CH3OH emission was detected
within the VLA field of view.
G28.28−0.36— The only 1.3 cm continuum emission de-
tected in this field is strong, resolved emission associated with
the well-known core-halo UC H II region G28.288-0.364 (e.g.
Kurtz et al. 1994), ∼20′′ E-NE of the EGO (Fig. 1). This UC
H II region was detected at 3.6 cm and 1.3 cm by Cyganowski
et al. (2011b), who designated it F-CM1. Notably, we do not
detect 1.3 cm continuum emission from the Cyganowski et
al. (2011b) 3.6 cm source CM1, which is coincident with the
EGO and∼1.′′2 NE of a 6.7 GHz CH3OH maser (Cyganowski
et al. 2009, 2011b). The relatively high rms noise of the new
1.3 cm VLA image for this source (the third-highest of our
sample, Table 2) means that our 1.3 cm limit is only a factor
of ∼1.4 improvement over that of Cyganowski et al. (2011b),
and the mismatch in beam size precludes combining the two
datasets to better constrain CM1’s cm-λ spectral index. Only
one 25 GHz CH3OH maser is detected within the VLA field
of view; this maser is ∼ 7′′ north of F-CM1 and is coincident
with a 44 GHz CH3OH maser reported by Cyganowski et al.
(2009).
G28.83−0.25— We detect two weak 1.3 cm continuum
sources (<0.4 mJy beam−1, Table 4) coincident with this
EGO. The eastern centimeter source, CM2, is also coinci-
dent with compact MIPSGAL 24 µm emission and 6.7 GHz
CH3OH masers (Cyganowski et al. 2009). The 1.3 cm emis-
sion from this source is spatially extended E-W, with a mor-
phology consistent with multiple unresolved or marginally-
resolved sources (Fig. 1). The western centimeter source,
CM1, is unresolved and located ∼4′′ west of CM2. Both
CM1 and CM2 were detected by Cyganowski et al. (2011b)
at 3.6 cm (but not at 1.3 cm; their 1.3 cm 4σ upper limit
was 0.92 mJy beam−1). Interestingly, at 3.6 cm the western
source (CM1 in both papers) is the brighter of the two, while
at 1.3 cm CM2 is the brighter source (Table 4 and Cyganowski
et al. 2011b). This reversal suggests that CM2 either has a
steeper free-free SED or more contribution from dust than
CM1. We do not detect any 25 GHz CH3OH emission above
the 4σ level for this EGO. In at least three of the four CH3OH
lines there is, however, very weak emission (∼ 3σ, so not in-
cluded in our analysis), likely thermal, coincident with CM2.
G35.03+0.35— The 1.3 cm VLA survey data for this source
were presented in Brogan et al. (2011). As shown in Figure 1,
there is strong, spatially extended 1.3 cm continuum emission
coincident with the EGO. Cyganowski et al. (2011b) resolved
five distinct sources at 3.6 cm (denoted CM1..CM5). The two
strongest (CM1 and CM2) were also detected by these au-
thors at 1.3 cm, and CM2 is associated with 6.7 GHz CH3OH
masers (Cyganowski et al. 2009, 2011b; Surcis et al. 2015).
The morphology of the 1.3 cm continuum emission in our
VLA image is consistent with multiple, unresolved centime-
ter sources, and is spatially coincident with CM1, CM2, CM4,
and CM5 from Cyganowski et al. (2011b). As we could not
obtain satisfactory multi-component fits to the current data,
we report the combined total 1.3 cm flux density (18.5 mJy)
as a single 1.3 cm source, which we denote CM1 (Table 4).
We detect one 25 GHz CH3OH maser coincident with the
1.3 cm continuum emission, and one at the eastern edge of the
extended 4.5 µm emission, coincident with an arc of 44 GHz
Class I CH3OH masers reported by Cyganowski et al. (2009).
Brogan et al. (2011) reported the 25 GHz CH3OH maser re-
sults from these VLA data, along with the detection of an NH3
(3,3) maser coincident with the 44 GHz Class I CH3OH maser
arc. Using H63α and H64α recombination lines, Brogan et al.
(2011) find a velocity of 55.8 km s−1 for the free-free emission
from CM1, in good agreement with the velocity of the coinci-
dent 25 GHz CH3OH maser. Unfortunately, the Cyganowski
et al. (2009) observations at 44 GHz only extend up to ∼54.4
km s−1, and so the velocity at which the maser G35.03+0.35_a
lies is not covered by the 44 GHz data. However, the spec-
trum presented in Kang et al. (2015) suggests an upper limit
of ∼1 Jy.
G45.47+0.05— We detect strong, resolved 1.3 cm continuum
emission coincident with the EGO and with the known UC
H II region G45.47+0.05 (Wood & Churchwell 1989; Hofner
et al. 1999), classified by Wood & Churchwell (1989) as
“irregular or multiply peaked.” In the new 1.3 cm VLA image,
CM1 appears elongated along a NW-SE axis, suggestive of a
possible ionized jet (Fig. 1). The elongation direction of the
cm-λ emission matches that of the extended 4.5 µm emission.
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We detect both thermal and masing 25 GHz CH3OH emis-
sion for this EGO, both coincident with a compact, southern
component of CM1. The thermal emission is fairly compact
compared to other thermal CH3OH detections in the survey
(1.61×<0.90′′), and has Tb = 24 K. The optically-thin LTE
calculations suggest a physical temperature of T ∼100 K.
G49.27−0.34— We detect strong, resolved 1.3 cm continuum
emission coincident with this EGO (Fig. 1). This centime-
ter source, CM1, was detected by Cyganowski et al. (2011b)
at 3.6 cm and 1.3 cm and by Mehringer (1994) at 20 cm;
Cyganowski et al. (2011b) found that its cm-λ spectral in-
dex was consistent with optically-thin free-free emission. The
1.3 cm continuum emission from CM1 exhibits a roughly cir-
cular morphology and is coincident with both extended 4.5
µm and 24 µm emission (see also discussion in Cyganowski
et al. 2011b). We do not detect a 1.3 cm counterpart to the
weak, compact Cyganowski et al. (2011b) 3.6 cm source CM2
(0.61 mJy beam−1 at 3.6 cm) at the>4σ level (4σ limit of 0.28
mJy beam−1 compared to 0.71 mJy beam−1 in Cyganowski et
al. 2011b). Neither thermal nor masing 25 GHz CH3OH emis-
sion is detected towards this EGO.
4. DISCUSSION
4.1. Spatial Distribution of 25 GHz CH3OH Emission
Compared to 4.5 µm Emission
The overall correlation between 25 GHz CH3OH emission
and extended 4.5 µm emission is strong. In only two of our
target regions is the 25 GHz emission entirely outside the
boundaries of the extended 4.5 µm emission. In these cases
(G10.29-0.13 and G28.28-0.36), the relationship between the
4.5 µm emission and the 25 GHz CH3OH masers is unclear.
In total, 25 of our 34 detected maser sites (74%) are coincident
with extended 4.5 µm emission. The nine masers that are not
coincident with extended 4.5 µm emission are predominantly
located near dark clouds (Fig. 1).
Nine of the ten thermal CH3OH detections (90%) are co-
incident with extended 4.5 µm emission (see Table 6); of
these, all but one (G14.63−0.58) is also coincident with strong
24 µm emission (Fig. 1). The exception is the thermal
CH3OH emission in G08.67-0.35, which is not coincident
with the extended 4.5 µm emission but is instead coincident
with 1.3 cm continuum emission and the known H II region
G8.67-0.36 (Wood & Churchwell 1989, see also §3.3).
4.2. Spatial Distribution of 25 GHz CH3OH Emission
Compared to 1.3 cm Continuum Emission
We find a strong correlation between the presence of ther-
mal CH3OH emission at 25 GHz and the presence of 1.3 cm
continuum emission. Nine of our ten thermal emission detec-
tions (90%) are coincident with a 1.3 cm detection (see Table
6). The exception is G10.34-0.14, which shows one thermal
emission site but has no detected 1.3 cm continuum emission
coincident with the EGO. However, there is strong 1.3 cm
continuum emission to the south from the W31 star-forming
complex, and this causes the G10.34-0.14 field to have one of
the poorer continuum sensitivities due to dynamic range limi-
tations. This may be limiting our ability to detect weak 1.3 cm
emission towards the EGO in this case.
While sources that have thermal CH3OH almost always
have 1.3 cm continuum emission, we find that the reverse is
not true: of our 19 sources of 1.3 cm emission, only nine
(47%) have coincident thermal CH3OH emission. In addition,
we also find only a weak correlation between the presence
of 25 GHz CH3OH maser emission and the presence 1.3 cm
continuum emission, with only only 8 masers (24%) coinci-
dent with continuum (where we define “coincident” as being
within the boundary of the 4σ level of the 1.3 cm emission),
while the other 26 masers lie outside the boundaries of any
1.3 cm continuum.
4.3. Correlation Between 6.7 GHz CH3OH Masers, 1.3 cm
Continuum, and Thermal 25 GHz CH3OH Emission
Interestingly, 6.7 GHz Class II CH3OH masers do appear to
be correlated with both 1.3 cm continuum and 25 GHz ther-
mal CH3OH emission in our EGO sample. Nineteen of the
1.3 cm sources are in regions for which past 6.7 GHz data ex-
ist in the literature (the exception being G14.33−0.64_a, Ta-
ble 1). Twelve of these nineteen 1.3 cm sources (63%) are co-
incident with 6.7 GHz masers (§3.3); of these, eight are new
detections at 1.3 cm, and four (G14.63_CM1, G18.67_CM1,
G19.36_CM2, and G22.04_CM1) are, to our knowledge, new
detections at any cm-λ. Conversely, twelve of the eighteen
Class II 6.7 GHz CH3OH masers associated with our tar-
get EGOs (67%) are coincident with 1.3 cm emission in the
VLA images. Of the six 6.7 GHz masers without cm-λ detec-
tions, three are in regions (G10.29−0.13, G10.34−0.14, and
G28.28−0.36) that have 2-6 times poorer sensitivity than the
majority of the sample due to dynamic range limitations (Ta-
ble 2). The detection of weak cm-λ continuum emission
associated with Class II CH3OH masers is consistent with
both phenomena tracing young, deeply embedded massive
(proto)stars. Similarly, thermal 25 GHz CH3OH emission in
the VLA data may pinpoint hot core emission, which has been
observed in association with 6.7 GHz masers in large-scale
single-dish surveys (e.g. Purcell et al. 2006, 2009). Of the ten
sources of thermal 25 GHz CH3OH emission seen with the
VLA, eight are coincident with 6.7 GHz masers. The excep-
tions are G14.63-0.58_a, in which the thermal CH3OH emis-
sion is coincident with the weaker centimeter source CM2
but the 6.7 GHz masers are coincident with the stronger cen-
timeter source CM1, and G45.47+0.05_a, which has thermal
CH3OH emission but no 6.7 GHz masers. High-resolution ob-
servations in other hot-core tracers (e.g. with (sub)millimeter
interferometers) will illuminate the nature of these objects.
4.4. Detailed Comparison of 25 GHz and 44 GHz Class I
CH3OH Masers
Current models for the pumping of Class I CH3OH masers
suggest that 25 GHz masers are excited under an overlapping
but narrower region of parameter space than 44 GHz masers
(Sobolev et al. 2007). Thus, we do not expect 25 GHz
masers to be present without a 44 GHz counterpart. In order to
test this hypothesis observationally, we compare our 25 GHz
CH3OH maser properties with the 44 GHz CH3OH maser re-
sults from the VLA survey of Cyganowski et al. (2009). Of
the 13 EGO fields with 25 GHz CH3OH maser detections,
seven were also included in the Cyganowski et al. (2009) sur-
vey. A total of 17 individual 25 GHz CH3OH masers were de-
tected toward the EGOs in common between the two surveys.
Of these 17 masers, two (G10.29-0.13_b and G35.03+0.35_a)
do not have complementary 44 GHz data because the spectral
breadth of the 44 GHz observations did not cover the 25 GHz
maser velocity. This leaves 15 masers with interferometric
observations at both 25 GHz and 44 GHz. In order to com-
pare the 25 and 44 GHz CH3OH masers, we first regridded the
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FIG. 4.— (a) Nearest-neighbor distances, (b) position uncertainties, (c) 44 GHz vs. 25 GHz fluxes, and (d) 44 GHz vs. 25 GHz brightness temperatures of
paired masers.
Cyganowski et al. (2009) 44 GHz image cubes (with a chan-
nel width of 0.17 km s−1) to 0.4 km s−1 channels to match the
25 GHz data. After testing, we elected not to convolve the
44 GHz image cubes to the poorer angular resolution of the
25 GHz data. The 44 GHz data have significantly higher an-
gular resolution (0.′′5 to 1.′′0) for most sources, and there are
typically many more 44 GHz masers in a given region than
25 GHz masers (see Fig. 1). Preserving the higher angular
resolution of the 44 GHz data allows us to pinpoint which
44 GHz maser provided the closest positional match for each
25 GHz detection.
For each of the fifteen 25 GHz masers with 44 GHz data,
the properties of the 44 GHz maser in closest positional and
kinematic proximity (typically matching to within one chan-
nel) were fit using the procedure described in § 3.2. We then
compared the 25 GHz (52 transition) and 44 GHz fitted posi-
tions (Figure 4a), and considered them a pair if:
∆θsep <
√
σ2RA25 +σ
2
Dec25 +
√
σ2RA44 +σ
2
Dec44 +0.1θ25beam (1)
where∆θsep is the angular separation, in arcseconds, between
the fitted positions of the 25 GHz and 44 GHz masers. The
quantity on the right is the angular separation threshold (σpos),
which consists of the sum of three terms: σRA and σDec are the
errors on the fitted positions of the 25 and 44 GHz masers in
arcseconds, and the final term is one-tenth the geometric mean
of the synthesized beam of the 25 GHz data (in arcseconds).
We add this additional factor to account for the extra uncer-
tainty introduced because the two data sets were observed at
different times and with different phase calibrators, so the ab-
solute positions might differ by up to 0.1θbeam even when the
fitted position uncertainties of the individual masers are quite
small.
Of the 25 GHz CH3OH masers with complementary
44 GHz data, 12 of 15 have 44 GHz counterparts with∆θsep <
1σpos; we consider these to be “pairs”, i.e. spatially coinci-
dent. Figures 4(a) and (b) show the distributions of maser sep-
arations and 1σpos values for the paired masers; as shown in
Figure 4(a), maser pairs are co-located within 0.′′5. The three
remaining 25 GHz masers have 44 GHz counterparts within
∆θsep of 1.15 to 1.43σpos. These masers - G19.36-0.03_b,
G19.36-0.03_c, and G28.28-0.36_a - have fitted 25 GHz 52
flux densities of 91±4 mJy, 46±2 mJy, and 93±7 mJy, re-
spectively. While on the lower end of our observed range,
these flux densities are by no means exceptional. It is no-
table that in general, there does not appear to be a corre-
lation between the flux density of the 52 transition and the
nearest-neighbor distance. It is possible that for these two
regions (G19.36−0.03 and G28.28−0.36) there is a greater ab-
solute position mismatch than for the other targets. Thus, at
the present angular resolution it is plausible that all 25 GHz
masers have a detectable 44 GHz counterpart. Higher res-
olution observations in multiple maser transitions would be
useful to further constrain the exact position coincidence and
also the physical size of the maser spots.
The 25 GHz CH3OH masers are weaker than their 44 GHz
counterparts by a median factor of 13. The two exceptions
are G22.04+0.22_a and G35.03+0.35_b, which are stronger
than their counterparts by factors of 1.8 and 1.1, respectively.
Notably, we find no correlation between the 25 GHz and
44 GHz maser flux densities or brightness temperatures for
paired masers (Fig. 4(c-d)), which is consistent with the re-
sults of Voronkov et al. (2007), who found no correlation be-
tween the flux densities of 25 GHz and other Class I CH3OH
masers. Both 44 GHz and 25 GHz CH3OH masers have also
been observed to exhibit variations in brightness on a range
of timescales (Sobolev et al. 2007; Pratap et al. 2007), so
the difference in observation dates between the 44 GHz and
25 GHz data may contribute to the lack of correlation in the
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flux densities. Furthermore, 44 GHz masers arise from A-type
CH3OH, while 25 GHz masers arise from E-type CH3OH;
thus it is possible that this difference in parity also contributes
to the lack of correlation between maser flux densities. Fi-
nally, despite the high detection rate (85%) of 95 GHz Class I
maser emission from our sample (Table 1), we cannot per-
form a similar comparison with the 25 GHz maser results due
to the absence of interferometric observations in the higher
frequency line.
4.5. Comparison with Millimeter Molecular Line Surveys of
EGOs
Here we focus on comparison with other molecular line
surveys of EGOs that target complex molecules (≥6 atoms;
Herbst & van Dishoeck 2009) and include a significant frac-
tion of our sample. He et al. (2012) conducted a sur-
vey of 89 northern EGOs (δ > −38◦) with the Arizona Ra-
dio Observatory Submillimeter Telescope (ARO SMT; beam
size ∼29′′) in multiple transitions of H13CO+, SiO, SO,
CH3OH, CH3OCH3, CH3CH2CN, HCOOCH3, and HN13C,
c-HCCCH, and H2CCO, as well as the unidentified line
U260365. They detected 18 of the EGOs in our VLA sam-
ple in one or more transition (G08.67-0.35 was not targeted
and G25.27-0.43 was targeted but not detected). We com-
pared their detection rates in each line to our EGOs with and
without 25 GHz thermal CH3OH emission to search for a cor-
relation between the presence of 25 GHz thermal CH3OH and
other species. We find that sources with thermal 25 GHz
CH3OH have higher overall detection rates (considering all
observed transitions) in He et al. (2012) than sources without
thermal CH3OH. However, this difference is primarily due to
the higher detection rates that our sample have in the He et
al. (2012) sample, specifically in the CH3OH lines. Sources
with 25 GHz thermal CH3OH have a typical detection rate
of 67-78% in the CH3OH lines of the He sample, while the
sources without thermal CH3OH have a typical detection rate
of only 30-40%. Detection rates among non-CH3OH species
are about the same for sources with and without 25 GHz ther-
mal CH3OH. The only such species detected in the majority
of our sources are H13CO+, SiO, and SO, and these detection
rates are equally high for sources with and without 25 GHz
thermal CH3OH. Although we do not find a correlation be-
tween thermal CH3OH in our sample and any particular non-
CH3OH species, we do find that sources with thermal CH3OH
are detected in a greater number of non-CH3OH species than
those without, indicating a possible correlation between the
presence of 25 GHz thermal CH3OH emission and a richer
gas chemistry.
Ge et al. (2014) use the data of He et al. (2012) to de-
termine rotational temperatures and abundances for four of
the species observed (CH3OH, CH3OCH3, HCOOCH3, and
CH3CH2CN). They list results for seven of the EGOs with
25 GHz thermal CH3OH and for four of the EGOs without.
The EGOs with thermal CH3OH do not appear to be signif-
icantly hotter or cooler than those without, based on these
rotational temperatures. The median CH3OH abundance of
the EGOs with thermal CH3OH is 1.43×10−9 and 1.06×10−9
for those without. While the abundance is slightly higher for
sources with 25 GHz thermal CH3OH, it is worth noting that
the source with the highest abundance, G14.33-0.64, has an
abundance a factor of ten higher than the median but does not
have detectable 25 GHz thermal CH3OH emission at the cur-
rent sensitivity.
5. CONCLUSIONS
In a high-resolution VLA survey of 20 Extended Green
Objects (EGOs) in the Milky Way, we identify 34 sites of
25 GHz Class I CH3OH maser emission, 10 sites of thermal
CH3OH emission, and 20 sources of 1.3 cm continuum emis-
sion. Thirteen of the continuum sources are new detections
at 1.3 cm, having a typical peak intensity of 0.5 mJy beam−1.
To our knowledge, seven of these objects are new detections
at any cm-λ, while 12 are either coincident with or within
2′′ of 6.7 GHz Class II CH3OH maser emission. Regard-
less of the type of CH3OH emission (maser or thermal), it
is strongly correlated in position with 4.5 µm EGO emission.
We also find a strong correlation between the presence of ther-
mal CH3OH emission and the presence of 1.3 cm continuum
emission, with the two occurring coincidentally in nine out
of ten cases (see §3.3 for a discussion of the lone exception
to this trend, G10.34−0.14). Note that the inverse relation
is not true: of the twenty sources of 1.3 cm emission, only
nine have coincident thermal CH3OH emission. While there
is a correlation between the presence of 1.3 cm emission and
25 GHz Class I CH3OH masers, there is an anti-correlation
between their positions. Specifically, of our 16 targets with
both 1.3 cm continuum and CH3OH line emission, ten have
25 GHz CH3OH maser emission. However, only 8 of 34
masers lie within the boundaries of the 4σ contours of the
1.3 cm continuum emission.
For the sites classified as maser emission, the fitted flux
densities are strongest in the 52 transition (see Table 7), but
the 82 transition is not significantly weaker than the 52 transi-
tion in general. The rarest transition is 102, which is detected
in only 45% of targets compared to the 60% detection rate for
32 and the 80% detection rates for 52 and 82. For the 25 GHz
masers for which we have complementary 44 GHz Class I
CH3OH maser data, we find likely or possible 44 GHz com-
panions for every 25 GHz maser, which is consistent with the
suggestion that Class I CH3OH masers at 25 GHz and 44 GHz
trace similar excitation conditions (Sobolev et al. 2007). In
general, the 25 GHz masers are significantly weaker than their
44 GHz counterparts, however, we do not find any correla-
tion between the flux densities or brightness temperatures of
the paired masers. Higher matched resolution observations of
masers at both wavelengths are needed in order to further con-
strain both the brightness temperatures and exact positions of
each 25 GHz and 44 GHz maser.
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